
Adsorption of sulfur dioxide on volcanic ashes

Deborah SchmauSS1 anD hanS Keppler1,*

1Bayerisches Geoinstitut, Universität Bayreuth, 95440 Bayreuth, Germany

abStract

The adsorption of pure sulfur dioxide gas on volcanic ashes has been studied from 0.1 mbar to 
1 bar and from –80 to +150 qC. Finely ground synthetic glasses of andesitic, dacitic, and rhyolitic 
composition served as proxies for fresh natural ash surfaces. Powders from two natural obsidian 
samples were also studied and yielded results broadly similar to the synthetic model systems. SO2 
DGVRUSWLRQ�RQ�DVK�LV�SDUWLDOO\�LUUHYHUVLEOH��LW�DSSHDUV�WKDW�WKH�¿UVW�OD\HU�RI�622 molecules absorbed 
on the surface cannot be removed. The pressure and temperature dependence of adsorption can be 
described by the equation lnc = A T�1 + B lnP + C, where c is the surface concentration of adsorbed 
SO2 in mg/m2, T is temperature in Kelvin, and P is the partial pressure of SO2 in mbar. A multiple 
regression analysis of the experimental data yielded A = 1645, B = 0.29, C = –7.43 for andesite, A = 
2140, B = 0.29, C = –9.32 for dacite, and A = 910, B = 0.21, C = –4.48 for rhyolite. These data imply 
that adsorption strongly decreases with temperature, but only slowly decreases with decreasing partial 
pressure of SO2. Therefore, adsorption primarily occurs in the cool and diluted parts of the volcanic 
plume. Model calculations show that most of the SO2 may be removed from the plume, if the initial 
SO2 concentration in the volcanic gases is low and the surface area of the ash is high. For high initial 
SO2 concentrations, the fraction of SO2 that is lost by adsorption decreases, since the amount of SO2 
in the gas phase is proportional to the SO2 partial pressure P, while adsorption is proportional only to 
P0.2 – P0.3. Adsorption of SO2 on ash particles may therefore be one reason why the climatic impact of 
explosive volcanic eruptions does not always scale with total sulfur yield.
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IntroDuctIon

Volcanoes interact with the atmosphere in various ways 
(McCormick et al. 1995; Mather 2008; Robock 2000). During 
some explosive eruptions, sulfur dioxide is injected into the 
stratosphere, where it is photochemically oxidized to sulfate 
aerosols, which absorb sunlight and cool global surface tem-
peratures (Bluth et al. 1993; McCormick et al. 1995; Briffa et al. 
1998; de Silva and Zielinski 1998; Robock 2000; Robock et al. 
2009). Local ozone depletion may be related to halogens or to ash 
particles in the eruption plumes (McCormick et al. 1995; Textor 
et al. 2003; Rose et al. 2006). While ash particles probably have 
only a short-term effect on climate, their environmental impact is 
considerable. They may fertilize seawater (Frogner et al. 2001; 
Jones and Gislason 2008) or, depending on their composition, 
have toxic effects on vegetation, animals, and humans (Oskars-
son 1980). In addition, ashes pose a severe hazard for aviation 
(e.g., Guffanti et al. 2010). Chemical interaction between ashes 
and gases in the eruption cloud is essential for understanding 
all of these phenomena. The surface of ashes is often highly 
enriched in sulfur and halogens, which is believed to be due to 
adsorption of HCl, HF, and SO2 (Rose 1977; Oskarsson 1980; 
Witham et al. 2005; Delmelle et al. 2007; Bagnato et al. 2013). 
Adsorption processes are important for the following reasons: 
(1) Adsorption of SO2 and halogens on ashes will reduce the 

amount of climate-relevant gases delivered to the stratosphere, 
since ashes usually sediment within a few days back to the sur-
face. (2) Adsorbed gas species and their reaction products are 
the main cause for the toxicity of ashes (e.g., Oskarsson 1980) 
and they may also contribute to the corrosion of aircraft engines. 
(3) Leachates of ashes are often used as a proxy for volcanic gas 
chemistry (Witham et al. 2005; Bagnato et al. 2011). However, 
a recent study by Bagnato et al. (2013) showed that the ratios 
of S, F, and Cl adsorbed on ashes of the 2010 Eyafjallajökull 
eruption are very different from the corresponding gas ratios 
measured in the plume. Therefore, the ratios of halogens and 
sulfur as determined from leachates can only be translated into 
gas compositions, if the adsorption isotherms, which relate the 
amount of absorbed gas to its partial pressure, are known. (4) Ash 
particles provide reactive surfaces in volcanic plumes that may 
catalyze various chemical reactions between gas species (e.g., 
Jordan et al. 2000). Adsorption of the surface of the particle is 
likely the first step in such a process.

Among volcanic gas species, sulfur compounds likely have 
the strongest environmental impact, as they are responsible for 
the formation of sulfate aerosols that may remain in the strato-
sphere for years. SO2 is likely the most abundant sulfur species in 
plumes, with H2S occurring only at very low oxygen fugacities; 
however, very oxidized arc magmas may release some of their 
sulfur directly in hexavalent form (likely as H2SO4 or sulfate; 
Binder and Keppler 2011; Ni and Keppler 2012). Unlike HCl, 
which is highly soluble in water and therefore easily removed 
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